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Abstract

In this work, gamma ray buildup factor was studied for composite materials
which consist from unsaturated polyester ( UP) as a matrix and metal ( Al,Fe,Cu
and Pb) as reinforced materials with different concentration and different types of
reinforced (powder, laminates and fibers) .Energy of 662 keV of gamma ray from
P7Cs source of 10 pCi was used with (3'x3") Nal(Tl) detector with an integrated
measuring system.

Single shield was made from unsaturated polyester reinforced by powder of
metals that mentioned above with different concentration (10,20,30,40,50)% with
lIcm thickness , also at a fixed concentration 30%,and different thickness
(1,2,3,4,5)cm were used as single shield. Further, for fixed concentration 30% and
fixed thickness lcm, shields was made with different types of reinforcement
(laminates and fibers). Some of parameters which affect on buildup factor such as,
metal concentration, atomic number, density, thickness and type of reinforcement
were studied. For double shields, two types of formations have been used, the first
type include shields consist from polymer reinforced by metal powders (Al,Fe and
Pb), with 30%concentration of lcm thickness were chosen with six formations
(Fe+Pb,Pb+Fe,Al+Pb,Pb+Al Al+Fe,Fe+Al), the second type includes shields
consist from polymer reinforced by different methods for Fe and Cu. The effects of
atomic number ,thickness, sequences of layers and orientation of reinforced fibers
(0,45,90) degree on buildup factor were studied, so as for multilayer shields, two
types of formations have been used, the first type include shields consist from
polymer reinforced by metal powders (Al,Fe and Pb), with 30% concentration of
lcm thickness were chosen with six formations (A;B;D,,A;D;B,B1AD;,B|D,A|,
D;AB;,D|B;A)), the second type includes shields consist from polymer reinforced
by different methods for Fe and Cu..



The results show that the buildup factor values decreased with the increasing of
powder concentration and so as for the density and atomic number. While it
increasing with increasing thickness of the shield. The best way for reinforced of
the metal (the lowest of buildup factor ) was for the laminated reinforced material.
The results for double layers which consist from polymer reinforced by metal
powders , shows that the buildup factor increasing and decreasing with increasing
the thickness of second layers which depending on the sequences of the layers.
The best shield for this type that contain a layer of polymer reinforce with Fe as the
first layer than the second was polymer with Pb.But for the shield of double layers
with different method of reinforced, the best was when the first layer made from
polymer reinforced with powder ,and the second was polymer reinforced with
laminated, however the best shield that used for different orientations of fiber when
the angle between the first and second layer is 45°.

For triple layers the best shield was when it‘s arrangement according to the type
of powder was Al,Fe and Pb, and for the type of reinforeced methods it was found
as follow ( powder,fiber and laminate) .

Tyler and Berger empirical equations were used for buildup factor calculation
for single layer , and the fitting equation was used for buildup factor calculation
for double layers. Most of results were in good agreement with experimental

results.
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